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Abstract
Introduction:6XUYHLOODQFHRIWKHJHQHWLFFKDUDFWHULVWLFVRIdhpsDQGdhfrFDQEHXVHIXOWRRXWOLQHJXLGHOLQHVIRUDSSOLFDWLRQRILQWHUPLWWHQWSUHYHQ-
WLYHWKHUDS\LQ1RUWKZHVW&RORPELDDQGWRGHÀQHWKHIXWXUHXVHRIDQWLIRODWHVLQDUWHPLVLQLQEDVHGFRPELQDWLRQWKHUDS\VFKHPHV
Objective:7RHYDOXDWHWKHIUHTXHQF\RIPXWDWLRQVLQdhpsDQGdhfrDQGWRFKDUDFWHUL]HSDUDVLWHSRSXODWLRQVXVLQJmsp-1, msp-2DQGglurpLQKLVWRULF
VDPSOHVEHIRUHDUWHPLVLQLQEDVHGWKHUDS\ZDVLPSOHPHQWHGLQWKHFRXQWU\
Methods:$FRQWUROOHGFOLQLFDOVWXG\ZDVFDUULHGRXWRQUDQGRPO\VHOHFWHGPlasmodium falciparumLQIHFWHGYROXQWHHUVRI1RUWKZHVW&RORPELD7XUERDQG
=DUDJR]D$VDPSOHVL]HRIVXEMHFWVSHUUHJLRQZDVFDOFXODWHG7UHDWPHQWHIÀFDF\WRDQWLIRODWHVZDVDVVHVVHG0ROHFXODUDQDO\VHVLQFOXGHGP. falcipa-
rumJHQRW\SHVE\msp-1msp-2DQGglurpDQGHYDOXDWLRQRIWKHVWDWXVRIFRGRQVDQGRIdhfrDQGDQGRIdhps
Results:,QWRWDOVXEMHFWVZHUHUHFUXLWHG$PD[LPXPQXPEHURIJHQRW\SHVZHUHGHWHFWHGE\msp-1msp-2DQGglurp&RGRQVDQG
RIWKHdhfrJHQHH[KLELWHGWKHZLOGW\SHIRUPZKLOHFRGRQVDQGZHUHPXWDQW,QWKHdhpsJHQHWKHPXWDQWJO\FLQHZDVGHWHFWHGLQ
RQGD\ZKLOHFRGRQVDQGZHUHZLOGW\SH
Conclusions: Plasmodium falciparumSRSXODWLRQVZHUHYHU\KRPRJHQHRXV LQWKLVUHJLRQRI&RORPELDDQGWKHWULSOHPXWDQWVRIdhfrDQGdhps 
$VQ,OHDQG*O\ZHUHSUHGRPLQDQWLQFOLQLFDOLVRODWHV
Keywords: Plasmodium falciparumPDODULDdhpsdhfrUHVLVWDQFHVXOSKDGR[LQH&RORPELD
Resumen
Introducción./DYLJLODQFLDGHODVFDUDFWHUtVWLFDVJHQpWLFDVGHdhps\dhfrSXHGHXWLOL]DUVHSDUDGHOLQHDUJXtDVGHDSOLFDFLyQGHWHUDSLDSUHYHQWLYD
LQWHUPLWHQWHHQHOQRUGHVWHGH&RORPELD\SDUDGHÀQLUHOXVRIXWXURGHORVDQWLIRODWRVHQHVTXHPDVWHUDSpXWLFRVEDVDGRVHQDUWHPLVLQLQD
Objetivo.(YDOXDUODIUHFXHQFLDGHPXWDFLRQHVHQdhps\dhfr\FDUDFWHUL]DUODVSREODFLRQHVSDUDVLWDULDVXVDQGRmsp-1, msp-2\glurpHQPXHVWUDV
KLVWyULFDVREWHQLGDVDQWHVGHODLPSOHPHQWDFLyQHQHOSDtVGHODWHUDSLDEDVDGDHQDUWHPLVLQLQD
Métodos.6HOOHYyDFDERXQHVWXGLRFOtQLFRFRQWURODGRHQYROXQWDULRVLQIHFWDGRVFRQPlasmodium falciparumVHOHFFLRQDGRVDOHDWRULDPHQWH\SUR-
YHQLHQWHVGHOQRUGHVWHGH&RORPELD7XUER\=DUDJR]D6HFDOFXOyXQDPXHVWUDGHVXMHWRVSRUUHJLyQ6HHYDOXyODHÀFDFLDDOWUDWDPLHQWRFRQ
DQWLIRODWRV/RVDQiOLVLVPROHFXODUHVLQFOX\HURQODREWHQFLyQGHJHQRWLSRVGHmsp-1msp-2\glurp\HOHVWDGRGHORVFRGRQHV\
GHdhfr\\GHdhps
Resultados.6HHVWXGLDURQVXMHWRV6HGHWHFWyXQQ~PHURPi[LPRGHJHQRWLSRVFRQmsp-1msp-2\glurp/RVFRGRQHV\GHOJHQ
dhfrVHHQFRQWUDURQHQVXIRUPDVLOYHVWUHPLHQWUDVTXHORVFRGRQHV\HVWDEDQPXWDGRV(QHOJHQdhpsODIRUPDPXWDQWHJOLFLQDHQHOFRGyQ
VHGHWHFWyHQHOGtDPLHQWUDVTXHORVFRGRQHV\VHHQFRQWUDURQVLOYHVWUHV
Conclusiones./DVSREODFLRQHVGHP. falciparumVRQPX\KRPRJpQHDVHQHVWDUHJLyQGH&RORPELD\ODVWULSOHPXWDQWHVGHdhfr\dhps$VQ,OH
DQG*O\SUHGRPLQDURQHQORVDLVODPLHQWRVFOtQLFRV
Palabras clave: Plasmodium falciparumPDODULDdhpsdhfrUHVLVWHQFLDVXOIDGR[LQD&RORPELD
Introduction
'XULQJWKHSDVW\HDUVVHYHUDOVWXGLHVLQ&RORP-
ELDRQWKHHIÀFDF\RIGLIIHUHQWGUXJVDJDLQVWPlas-
modium falciparumPDODULDLQFOXGLQJVXOSKDGR-
[LQHS\ULPHWKDPLQH 63 KDYH EHHQ SXEOLVKHG
$UHYLHZLQRIVWXGLHVLQWKHFRXQWU\
FRQÀUPHGDPHDQIUHTXHQF\RIWUHDWPHQWIDLOX-
UHRI  ,QWKHQRUWKZHVWUHJLRQ LQ8UD-
Ei DQG %DMR &DXFD WKH UHSRUWHG IUHTXHQF\ RI
 $62&,$&,Ï1&2/20%,$1$'(,1)(&72/2*Ë$ ,QIHFWLR
Villa A, Carmona-Fonseca J, Benito A, et al
WUHDWPHQW IDLOXUHZDV  +RZHYHU VWXGLHV
RQ WKHPROHFXODU HSLGHPLRORJ\ RI DQWLPDODULDO
UHVLVWDQFH DUH VWLOO VFDUFH LQ WKH FRXQWU\  
7KHVHVWXGLHVFRQVWLWXWHDXVHIXOWRROWRXQGHUV-
WDQGWKHHYHQWVXQGHUO\LQJWUHDWPHQWIDLOXUHDQG
UHVLVWDQFH WR DQWLIRODWHV  7KH H[SORUDWLRQ RI
WKHJHQHWLFEDFNJURXQGRIFOLQLFDOLVRODWHVFLUFX-
ODWLQJ LQDVSHFLÀFUHJLRQ LVRIJUHDWUHOHYDQFH
VLQFH WKH HIÀFDF\ DQG HPHUJHQFH RI UHVLVWDQW
SKHQRW\SHV WR QHZ GUXJ UHJLPHQV PLJKW EH
DIIHFWHGE\ WKHEDVHOLQHJHQHWLF FKDUDFWHULVWLFV
RIWKHORFDOSDUDVLWHVWUDLQV
&XUUHQWO\ PRVW LQWHUPLWWHQW SUHYHQWLYH WKHUD-
SLHV,37DUHEDVHGRQWKHDGPLQLVWUDWLRQRIDQ-
WLIRODWHVVLQFHWKH\DUHUHODWLYHO\VDIHDQGH[KLELW
JRRGFRVWHIÀFDF\
5HVLVWDQFH WR DQWLIRODWHV KDV EHHQ DWWULEXWHG WR
PXWDWLRQV LQ WKH JHQHV FRGLQJ WKH HQ]\PHV LQ-
YROYHG LQ WKH PHWDEROLVP RI VXOSKDGR[LQH DQG
S\ULPHWKDPLQH GLK\GURIRODWH UHGXFWDVH GKIU
DQGGLK\GURSWHURDWHV\QWKDVHGKSVUHVSHFWLYHO\
3RLQWPXWDWLRQVDWSRVLWLRQVDQGLQ
WKHdhfrJHQHDQGPXWDWLRQVDWSRVLWLRQV
DQGLQWKHdhpsJHQHKDYHEHHQ
GLUHFWO\LPSOLFDWHGLQVXFKUHVLVWDQFH
:HFRQGXFWHGDVWXG\LQWKHQRUWKZHVWUHJLRQRI
&RORPELD DLPHG DW XQGHUVWDQGLQJ WKH JHQHWLF
FKDUDFWHULVWLFVRI63UHVLVWDQFHLQÀHOGLVRODWHVDQG
WRFRPSOHPHQWWKHIUDPHZRUNLQZKLFKDQHZDU-
WHPLVLQLQEDVHGFRPELQDWLRQWKHUDS\$&7LVDG-
PLQLVWHUHGLQWKHFRXQWU\7KHVWXG\H[SORUHGWKH
IUHTXHQF\RIPXWDWLRQVLQWKHdhpsDQGdhfrJHQHV
DVZHOODVWKHJHQHUDOFRQVWLWXWLRQRISDUDVLWHSR-
SXODWLRQVE\DVVHVVLQJWKHmsp-1msp-2DQGglurp 
JHQHV6XUYHLOODQFHRIWKHJHQHWLFFKDUDFWHULVWLFVRI
WKHVHJHQHVFDQEHXVHIXOWRRXWOLQH,37JXLGHOLQHV
IRUDSSOLFDWLRQLQWKHUHJLRQDQGWRGHÀQHWKHIX-
WXUHXVHRI63LQDQ$&7VFKHPH
Materials and methods
:HFRQGXFWHGD FRQWUROOHG FOLQLFDO VWXG\RQP. 
falciparumLQIHFWHGVXEMHFWV5DQGRPO\VHOHFWHG
YROXQWHHUVZHUHSDUWRIDODUJHUVWXG\ZKLFKDL-
PHGDWVWXG\LQJWKHHIÀFDF\RIGLIIHUHQWDQWLPD-
ODULDOUHJLPHQV
Study area
7KHVWXG\ZDVFDUULHGRXWEHWZHHQ2FWREHU
DQG-XO\LQWZRPDODULDHQGHPLFUHJLRQVLQ
&RORPELD 7XUER ···1 ···: DQG
=DUDJR]D···1···:%RWKUHJLRQV
KDYHPDODULD WUDQVPLVVLRQ WKURXJKRXW WKH\HDU
ZLWK PHDQ DQQXDO SDUDVLWH LQGH[HV $3, FD-
VHVLQKDELWDQWVGXULQJRI
LQ7XUERDQGLQ=DUDJR]D 
Malaria patient enrollment and follow-up 
7KH VWXG\ LQFOXGHGSDWLHQWV DWWHQGLQJ WKH ORFDO
PDODULDFOLQLFVZLWKDFXWHV\PSWRPDWLFQRQVHYH-
re P. falciparum PDODULD8QLTXHLQIHFWLRQE\WKLV
VSHFLHVZDVFRQÀUPHGE\PLFURVFRS\DQGE\D
VHPLQHVWHG3&57KHVWXG\SURWRFROZDVUH-
YLHZHGDQGDSSURYHGE\WKH(WKLFV&RPPLWWHHRI
WKH)DFXOWDGGH0HGLFLQD8QLYHUVLGDGGH$QWLR-
TXLD0HGHOOtQ&RORPELD(DFKSDUWLFLSDQWJDYH
D IXOO\ LQIRUPHG FRQVHQW 7KH LQFOXVLRQ FULWHULD
IRUWKHRULJLQDOVWXG\ZHUH\HDUVDJHXQLTXH
P. falciparum SDUDVLWDHPLD ZLWK  DVH[XDO
IRUPVO DQGZLOOLQJQHVV WRSDUWLFLSDWH 3DWLHQWV
ZHUHH[FOXGHGLIFRQVHQWZDVZLWKGUDZQ
$ VDPSOH VL]H IRU HDFK PXQLFLSDOLW\ ZDV FDO-
FXODWHG EDVHG RQ WKH QXPEHU RIP. falciparum 
PDODULDFDVHV LQD\HDU IUHTXHQ-
F\RIWUHDWPHQWIDLOXUHDFRQÀGHQFHLQ-
WHUYDODQGVDPSOHHUURURIWKLVUHVXOWHGLQ
VXEMHFWVSHUUHJLRQ3DWLHQWVZHUHUDQGRPO\
DVVLJQHG RQH RI YDULRXV GLIIHUHQW DQWLPDODULDO
UHJLPHQV6XEMHFWVVHOHFWHGIRUWKLVUHSRUWZHUH
DGPLQLVWHUHGDVLQJOHGRVHRIVXOIDGR[LQHS\UL-
PHWKDPLQHPJNJ$OOSDWLHQWVZHUHWUHDWHG
DWWKHORFDOPDODULDFOLQLFDQGWKHIROORZXSSH-
ULRG ZDV DW OHDVW  GD\V 7UHDWPHQW UHVSRQVH
ZDVPRQLWRUHGDFFRUGLQJWRWKH:+2FUL-
WHULDDQGFODVVLÀFDWLRQLQWRDGHTXDWHWUHDWPHQW
UHVSRQVH $75 RU WUHDWPHQW IDLOXUH HDUO\ (7)
DQGODWH/7)ZDVHVWDEOLVKHG
,QIHFWLR
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Sample collection
:KROH EORRG IRU PROHFXODU DQDO\VLV ZDV WDNHQ
IURPDSHULSKHUDOYHLQRQGD\EHIRUHWUHDWPHQW
DGPLQLVWUDWLRQ DQG ZKHQ WUHDWPHQW IDLOXUH ZDV
GLDJQRVHG 6DPSOHVZHUH FROOHFWHG RQWR:KDW-
PDQ00ÀOWHUSDSHUDQGVWRUHGDW&'1$
ZDV H[WUDFWHG ZLWK &KHOH[ DFFRUGLQJ WR VWDQ-
GDUGSURFHGXUHVDQGVWRUHGDWî&XQWLOXVH
Plasmodium falciparum confirmation and 
allele genotyping 
'1$ WHPSODWHV ZHUH DPSOLÀHG WR FRQÀUP WKH
XQLTXHLQIHFWLRQE\P. falciparum$VHPLQHVWHG
3&5ZDVSHUIRUPHGDWWKH/DERUDWRULRGH5HIH-
UHQFLDGH0DODULD'HSDUWDPHQWRGH3DUDVLWROR-
JtD&HQWUR1DFLRQDOGH0LFURELRORJtD,QVWLWXWR
1DFLRQDOGH6DOXG&DUORV,,,LQ0DGULGDFFRUGLQJ
WR5XELRet al.
*HQRW\SLQJRImsp-1, msp-2DQGglurpJHQHVZDV
SHUIRUPHGLQRUGHUWRHVWDEOLVKWKHJHQRW\SHDQG
WKHSUHVHQFHRISRO\FORQDO LQIHFWLRQV)RUWKLVD
QHVWHG3&5ZDVFDUULHGRXWDFFRUGLQJWRSXEOLV-
KHGSURWRFROV3URGXFWVZHUHUHVROYHGLQ
DJDURVHDQGIUDJPHQWVL]HZDVGHWHUPLQHGXQGHU
89OLJKWDIWHUHWKLGLXPEURPLGHVWDLQLQJ
Identification of point mutations in dhps 
and dhfr genes
'1$WHPSODWHVZHUHHYDOXDWHG IRU WKHSUHVHQ-
FHRISRLQWPXWDWLRQVLQdhfrXVLQJD3&55)/3
DVVD\DFFRUGLQJ WR'XUDLVLQJKet al. $ÀUVW
URXQG RI DPSOLÀFDWLRQ ZDV IROORZHG E\ WZR
DGGLWLRQDOVHSDUDWH3&5UHDFWLRQVUHVXOWLQJLQD
ESVHJPHQWÁDQNLQJFRGRQVDQG
DQGDES VHJPHQWÁDQNLQJ FRGRQVDQG
 )XUWKHU FRQÀUPDWLRQRI WKH VWDWXV RIdhfr 
ZDVSHUIRUPHGLQRIWKHVDPSOHVIROORZLQJ
WKH SURWRFRO SXEOLVKHG LQ ZKLFK PXWDWLRQ
VSHFLÀFQHVWHG3&5DQGRUUHVWULFWLRQGLJHVWLRQV
ZHUH DSSOLHG DV GHVFULEHG HOVHZKHUH   
0HDQZKLOHWKHdhpsJHQHZDVDVVHVVHGXVLQJD
QHVWHG3&5DSSURDFK$GHWDLOHGGHVFULSWLRQRI
WKHVHPHWKRGVLVDYDLODEOHDWKWWSPHGVFKRRO
XPDU\ODQGHGX&9'SORZHKWPO
/DERUDWRU\PDLQWDLQHG'DQG'GVWUDLQVRIP. 
falciparumZHUHXVHGDVFRQWUROV3URGXFWVZHUH
UHVROYHGLQDJDURVHDQGIUDJPHQWVL]HZDV
GHWHUPLQHGXQGHU89 OLJKWDIWHUHWKLGLXPEUR-
PLGHVWDLQLQJ
 
Statistical analyses
7KHGDWDZHUHSURFHVVHGXVLQJ(SL,QIR7KH
IUHTXHQF\ RI HDFK DOOHOH ZDV FDOFXODWHG EDVHG
on msp-1msp-2 DQGglurpJHQHV ,QDGGLWLRQ
IUHTXHQFLHVRIPXWDWLRQVLQWKHGLIIHUHQWFRGRQV
of dhps DQG dhfr ZHUH GHWHUPLQHG 3RO\FORQDO
VDPSOHVZHUH LQFOXGHG LQ WKHDQDO\VLV VLQFH in 
vivoLQWHUDFWLRQVRIGLIIHUHQWFORQHVPLJKWH[KL-
ELWDWUHQGRUDVVRFLDWLRQ+RZHYHUIRUVWDWLVWL-
FDOSXUSRVHVFDVHVRISRO\FORQDOLQIHFWLRQVZHUH
FRQVLGHUHGHDFKDVLQGLYLGXDOVDPSOHVDFFRUGLQJ
WRWKHQXPEHURIDOOHOHVGHWHFWHG
Results
$ WRWDO VXEMHFWVZHUH UHFUXLWHG LQ7XUER
DQG  LQ =DUDJR]D %DVHOLQH FKDUDFWHULVWLFV RI
WKH SRSXODWLRQ ZHUH VLPLODU EHWZHHQ WKH WZR
PXQLFLSDOLWLHV $PRQJ WKH YDULDEOHV DVVRFLDWHG
WRDFTXLVLWLRQRISUHYLRXVLPPXQLW\ZKLFKPLJKW
affect in vivoHIÀFDF\WRWUHDWPHQWZHKLJKOLJKW
WKH IROORZLQJ WKHPHDQDJHZDV WKHPHDQ
QXPEHURIPDODULDHSLVRGHVZLWKLQWKHSUHYLRXV
\HDURIUHFUXLWPHQWZDVWKHPHDQQXPEHURI
GD\VZLWKV\PSWRPVGXULQJWKHFXUUHQWHSLVRGH
ZDV  DQG WKHPHDQ SDUDVLWDHPLDZDV 
SDUDVLWHVO
In vivoUHVSRQVHWRDQWLIRODWHVFRQÀUPHGDSRQ-
GHUHGPHDQWUHDWPHQWIDLOXUHIUHTXHQF\RI
LQWKHWZRORFDOLWLHV7KHIUHTXHQF\RIWUHDWPHQW
IDLOXUH WR VXOSKDGR[LQHS\ULPHWDPLQHZDV
 LQ 7XUER DQG   LQ =DUDJR]D
$PRQJ WKH FDVHV GLDJQRVHG DV FOLQLFDO IDLOXUH
LQ7XUER KDGHDUO\ WUHDWPHQW IDLOXUH
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/7),Q=DUDJR]D(7)FDVHVZHUHDQG
/7)ZHUHRI WKHWRWDO IDLOXUHFDVHV LQ
WKHORFDOLW\
Plasmodium falciparum genotyping
$ SUHGRPLQDQFH RI WKH ES DOOHOH RI WKH
0$'IDPLO\RImsp-1ERWKLQ7XUERDQG=DUD-
JR]DZDVREVHUYHG6LPLODUUHVXOWVZHUHGHWHF-
WHGLQVDPSOHVREWDLQHGDWWUHDWPHQWIDLOXUH(7)
DQG/7))RUmsp-2WKHPRVWIUHTXHQWDOOHOHRE-
VHUYHGLQWKHWZRORFDOLWLHVZDVDESFRUUHV-
SRQGLQJWR,&LQ7XUERLQ=DUDJR]D
IROORZHGE\DESLQ7XUERLQ=D-
UDJR]D7KHSURSRUWLRQRISRO\FORQDOLQIHFWLRQV
DFFRUGLQJWRWKLVJHQHZDVLQ7XUER
,Q VDPSOHV REWDLQHG DW WUHDWPHQW IDLOXUH (7)
DQG /7) WKHPRVW FRPPRQO\ GHWHFWHG DOOHOHV
DOVRFRUUHVSRQGHGWRWKHPRVWFRPPRQGHWHF-
WHGRQGD\)LJXUH
3UHGRPLQDQFHRIWKHESDOOHOHRIglurpZDV
GHWHFWHG LQERWK ORFDOLWLHV  LQ 7XUER 
LQ=DUDJR]DUHJDUGOHVVRIWKHWLPHRIFROOHFWLRQ
RIWKHVDPSOHGD\RUUHFUXGHVFHQFH+RZH-
YHUWKHPDMRULW\RILQIHFWLRQVLQ=DUDJR]DZHUH
SRO\FORQDOESESRQGD\DFFRUGLQJWR
WKLVPDUNHU )LJXUH'HWDLOVRQ WKHEDVHSDLU
VL]HUDQJHRIWKHGLIIHUHQWJHQHVDQGWKHQXP-
EHURIJHQRW\SHVGHWHFWHGLQWKHWZRORFDOLWLHV
DFFRUGLQJ WR WKHDPSOLÀHGJHQHVDUHSURYLGHG
LQ7DEOH
1RUHODWLRQVKLSFRXOGEHFRQÀUPHGEHWZHHQWKH
GHJUHH RI PDODULDO HQGHPLFLW\ UHSRUWHG DW WKH
WLPHRIVDPSOHFROOHFWLRQLQWKHWZRUHJLRQVDQG
WKHQXPEHURIDOOHOHVIRXQGSǓWHVW
Analysis of dhfr and dhps 
,QERWKORFDOLWLHVDPSOLÀFDWLRQRIWKHdhfrJHQH
FRQÀUPHGWKHUHSODFHPHQWRIZLOGSRSXODWLRQV
E\PXWDQWIRUPVIRUFRGRQVDQGDQGWKH
SHUVLVWHQFHRIZLOGW\SHIRUPVIRUFRGRQV
DQGLQDOOLVRODWHV7DEOH
&RGRQVDQGRIWKHdhpsJHQH
ZHUHGHWHFWHGLQWKHZLOGW\SHIRUPLQDOOVDP-
SOHV7DEOH$VIRUFRGRQDKLJKSURSRU-
WLRQPHDQRIWKH LVRODWHVH[KLELWHGWKH
PXWDQWJO\FLQHLQVWHDGRIDODQLQHZLOGW\SHRQ
GD\  DQG DOO LVRODWHV IURP UHFUXGHVFHQFH KDG
WKHPXWDQWIRUPRIWKHJHQH6HSDUDWHDQDO\VLV
RI WKHGLVWULEXWLRQ IUHTXHQF\RI WKLVPXWDQWE\
ORFDOLW\FRQÀUPHGVLPLODUSURSRUWLRQVZLWK
LQ7XUERDQGLQ=DUDJR]D
Discussion
$PRQJWKHIDFWRUVDIIHFWLQJ WKHin vivo response 
WRDQWLIRODWHVWKHVWDWXVRIWKHJHQHVLQYROYHGLQ
WKHLUPHWDEROLVPDQGWKHSUHVHQFHRIDQWLPDOD-
ULDODFTXLUHGLPPXQLW\RIWKHKRVWDUHRIJUHDW
importance  7KH SUHVHQW VWXG\ FRQÀUPHG
WUHDWPHQWIDLOXUHLQRIWKHVXEMHFWVUHJDUG-
OHVVRIWKHSUHVHQFHRIPRUHWKDQRQHPXWDWLRQ
LQWKHJHQHVLQYROYHGLQUHVLVWDQFHWRDQWLIRODWHV
+RZHYHU VSHFLÀFDOO\ GHVLJQHG VWXGLHV VKRXOG
DGGUHVV WKH UROH RI VSHFLÀF DFTXLUHG LPPXQLW\
Figure 1. 3HUFHQWDJHRIWKHGLIIHUHQWVL]HIUDJPHQWVREWDLQHGDIWHU
DPSOLÀFDWLRQRImsp-2 ,&IDPLO\SDQHO$DQGglurp SDQHO%LQWKH
WZRHQGHPLFORFDOLWLHVDFFRUGLQJWRWLPHRIFROOHFWLRQRIWKHVDPSOH
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LQFOHDUDQFHRISDUDVLWHVKDUERULQJPXOWLSOHPX-
tations in dhpsDQGdhfrLQ&RORPELDQLVRODWHV
7KHSUHVHQW VWXG\ FRQÀUPHG WKHKRPRJHQHLW\
of P. falciparumSRSXODWLRQVDFFRUGLQJWRmsp-
msp-2DQGglurp LQWKHVHUHJLRQVRI&RORPELD
3UHYLRXVVWXGLHVFDUULHGRXWVRPH\HDUVEHIRUH
LQWKHVDPHORFDOLWLHVUHSRUWHGVLPL-
ODUÀQGLQJV+RZHYHUVRPHGLIIHUHQFHVZHUH
REVHUYHG LQWKHQXPEHURIDOOHOHVGHWHFWHGIRU
glurp DQGPRUH VLJQLÀFDQWO\ LQ WKH IUHTXHQF\
RISRO\FORQDOLQIHFWLRQVZKLFKZDVVXEVWDQWLDOO\
KLJKHU LQ 7XUER vs.  DQG LQ=DUDJR-
]Dvs.%DVHGRQWKHVHUHVXOWVZHFDQ
FRQFOXGHWKDWWKHDQDO\VLVRIglurpPLJKWEHXVH-
IXO IRUJHQRW\SLQJSDUDVLWHSRSXODWLRQV LQQHZ
VWXGLHV LQ&RORPELDDLPHGDWH[SORULQJSDUDVL-
WHSRSXODWLRQG\QDPLFV DQG in vivo HIÀFDF\RI
DQWLPDODULDOV$QDO\VLVRImsp-1DQGmsp-2 can 
DOVREHRI YDOXH WR FRPSDUHZLWKSDVW VWXGLHV
EXWQRWZKHQWKHREMHFWLYHLVWRFRPSDUHSDUDVL-
WHVREWDLQHGIURPWKHVDPHSDWLHQWIRULQVWDQFH
GXULQJ WUHDWPHQW HIÀFDF\ VWXGLHV 6HTXHQFLQJ
DQDO\VLV RI WKHVH JHQHV LQ &RORPELDQ VDPSOHV
PLJKW SURYH XVHIXO WR XQGHUVWDQG SRSXODWLRQ
G\QDPLFVLQGLIIHUHQWUHJLRQVRIWKHFRXQWU\DQG
WRFRQÀUPWKHKRPRJHQHLW\RIWKHSRSXODWLRQV
+RZHYHU VSHFLDO FDUH VKRXOG EH WDNHQ ZKHQ
VHOHFWLQJSDUWLFXODU UHJLRQVRI WKHJHQHV WREH
PRQLWRUHGLQRUGHUWRDYRLGODFNRIDPSOLÀFDWLRQ
GXHWRVLJQLÀFDQWSRO\PRUSKLVPSDUWLFXODUO\LQ
WKHFDVHRIglurp
$VPDOOQXPEHURIVWXGLHVRQWKHFKDUDFWHUL]D-
tion of dhpsDQGdhfrKDYHEHHQFDUULHGRXW LQ
&RORPELD7DEOH$FRPSDULVRQRIUHSRUWVRQ
PXWDWLRQV LQ dhps DQG dhfr UHJDUGOHVV RI WKH
UHJLRQZKHUH WKH VWXGLHVZHUH FDUULHG RXW UH-
YHDOHGWKHLQFUHDVLQJSUHVHQFHRIPXWDQWDOOHOHV
IRU FRGRQV  DQG RIdhfr DQG IRU FRGRQ
 RI dhps $VVRFLDWLRQ RI WKH WULSOHPXWDQWV
ZLWKWUHDWPHQWIDLOXUHKDVEHHQUHSRUWHGE\VH-
YHUDODXWKRUVIURPGLIIHUHQWUHJLRQV7KLV
PLJKWH[SODLQWKHIUHTXHQF\RIWUHDWPHQWIDLOXUH
WR 63 REVHUYHG LQ WKLV SDUWLFXODU JURXS RI SD-
WLHQWVLQ7XUERDQGLQ=DUDJR]D7KH
FRPSDULVRQRI VDPSOHV IURPGD\DQGGD\RI
IDLOXUH ZDV QRW XVHIXO WR FRQÀUP D GLIIHUHQFH
LQ WKHdhps DQGdhfr JHQRW\SHVSUREDEO\ DV D
FRQVHTXHQFHRIWKHUHGXFHGQXPEHURIVDPSOHV
REWDLQHGDW WUHDWPHQW IDLOXUHDQGWKHKLJKIUH-
TXHQF\RIPXWDQWFRGRQVZLWKLQWKHSRSXODWLRQ
RISDUDVLWHV+RZHYHUVHOHFWLRQRIPXWDQWVWUDLQV
ZDVFRQÀUPHGIRUFRGRQRIdhpsGXULQJUH-
FUXGHVFHQFH6LQFHWUHDWPHQWIDLOXUHUDWHVLQWKH
UHJLRQKDYHDOVREHHQUHSRUWHGDVYHU\KLJKE\
RWKHUDXWKRUV FOLQLFDOVWXGLHVRQWKHHIÀFDF\
RI63DUHSUREDEO\QRWZRUWKZKLOHLQWKHVHORFD-
OLWLHV2QWKHFRQWUDU\IROORZLQJXSWKHWUHQGRI
PXWDWLRQVLQWKHVHJHQHVVKRXOGEHSHUIRUPHG
DQG PXVW LQFOXGH PRUH SUHFLVH PHWKRGV i.e
TXDQWLWDWLYH3&5RUVHTXHQFLQJDVWRGHÀQHWKH
IUHTXHQF\RIPXWDQWVZLWKLQDPL[WXUHRIFORQHV
LQQDWXUDOO\LQIHFWHGLQGLYLGXDOV
7KH FKDQJH WR DUWHVXQDWH SOXV PHÁRTXLQH LQ
1RUWKZHVW &RORPELD RU DUWKHPHWKHU SOXV OX-
PHIDQWULQHLQRWKHUUHJLRQVDVWKHÀUVWOLQH
FKRLFHEHWZHHQDQGWRDUWKHPHWKHU
SOXV OXPHIDQWULQH LQDOO WKHFRXQWU\DIWHU
Table 1. 'LVWULEXWLRQRIIUHTXHQFLHVRIPlasmodium falciparumJHQRW\SHVDFFRUGLQJWRDQDO\VLVof msp-1, msp-2DQGglurpDQG
WLPHRIVDPSOHFROOHFWLRQGD\DQGGD\RIUHFUXGHVFHQFH 
msp-1 MAD-20† msp-2 IC† glurp
Day 0 Day of 
recrudescence
Day 0 Day of 
recrudescence
Day 0 Day of 
recrudescence
%DVHSDLUUDQJH      
1XPEHURIJHQRW\SHV      
7RWDOQXPEHURIJHQRW\SHV      
3URSRUWLRQRISRO\FORQDO
LQIHFWLRQ      
3URSRUWLRQRIVDPSOHV
ODFNLQJDPSOLÀFDWLRQ      
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PLJKWSURYLGHDGLIIHUHQWVFHQDULRIRUWKHHYR-
OXWLRQRIPXWDWLRQV LQdhps DQGdhfr+RZHYHU
UHJLRQDO KHDOWK DXWKRULWLHV KDYH LUUHJXODUO\
VXSSOLHG $&7 DQG LQ VRPH ORFDOLWLHV SDWLHQWV
DUH EHLQJ DGPLQLVWHUHG DPRGLDTXLQH SOXV 63
WKH UHJLPHQDSSOLHGEHIRUHRU WKH\ VHOI
PHGLFDWHZLWKRWKHUDQWLPDODULDOVVXFKDVKDOR-
IDQWULQHSXUFKDVHG LQ WKHEODFNPDUNHW)XWXUH
VWXGLHV VKRXOG DGGUHVV WKH VLJQLÀFDQFH RI WKLV
ODFNRIGHOLYHU\RIWKHUHFRPPHQGHGDQWLPDOD-
ULDOVRQWKHSUHVHQFHRIdhpsDQGdhfrPXWDWLRQV
DQGRQRWKHUUHVLVWDQFHDVVRFLDWHGJHQHV
6HYHUDODXWKRUVKDYHUHSRUWHGRQWKHV\QHUJ\RI
!PXWDWLRQVLQdhpsDQGdhfrZLWKWKHin vitroHIÀ-
FDF\RIDQWLIRODWHVZKHUHE\WKHQXPEHURIPXWD-
WLRQVLVGLUHFWO\SURSRUWLRQDOWRin vitro resistance 
RUHDUO\WUHDWPHQWIDLOXUH+RZHYHUVXFKÀQ-
GLQJVKDYHEHHQFRQWURYHUVLDOZLWKVRPHDXWKRUV
UHSRUWLQJODFNRIDVVRFLDWLRQ,QDQ\FDVHWKH
WUHQG RI DFFXPXODWLRQ RI PXWDWLRQV LQ VDPSOHV
IURP&RORPELD DVVRFLDWHG WR WKH ODFN RI in vivo 
UHVSRQVHUHSRUWHGE\RWKHUDXWKRUVFDQEHXVHIXO
WRHVWDEOLVKDQDVVRFLDWLRQEHWZHHQWKHVHSKHQR-
PHQDDWOHDVWIRUWKLVSDUWRIWKHFRXQWU\
,Q FRQFOXVLRQ WKH UHVXOWV VXJJHVWHG KRPRJH-
QHLW\ RI P. falciparum SRSXODWLRQV DFFRUGLQJ
to msp-msp-2DQGglurp LQ WKHVHUHJLRQVRI
1RUWKZHVW&RORPELDDQG WKH WULSOHPXWDQWVRI
dhfr DQG dhps $VQ ,OH DQG *O\ DUH
KLJKO\ IUHTXHQW LQ WKH FOLQLFDO LVRODWHV RI WKHVH
HQGHPLFORFDOLWLHV
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